Herein, an amperometric glucose oxidase (GOx) biosensor is presented using calixarenes as an immobilization matrix of biomolecule. Firstly, thiol-containing calixarenes (Calix-SH) were synthesized, then self-assembled monolayers (SAMs) of Calix-SH on a gold surface were carried out and hydroxyl groups of Calix-SH were activated using 1,1'-carbonyldiimidazole (CDI) chemistry. To test the usability of Calix-SH modified surfaces as anbiosensor, glucose oxidase was used as a model biological component. After optimization of preparation and working conditions, our results indicate that Calix-SH/GOx biosensor has a linear range in 0.1-1.0 mM (LOD: 0.015 mM) for 10 glucose with 25 s of response time. Finally, the application of biosensor was examined to detect glucose in real samples. The glucose amounts were calculated as 19.460 ± 0.521 and 31.647 ± 2.125 mM in coke andfizzy (with orange), respectively. To confirm the reliability of Calix-SH/GOx biosensor, the calculated glucose concentrations which were analyzed by Calix-SH/GOx biosensor were compared to conventional spectrophotometric glucose kits. The glucose amounts of coke and fizzy were calculated as 18.509 ± 0.732 mM and 31.579 ± 4.466 mM, respectively. 
Introduction
Immobilized enzymes is widely employed in various biomedical, environmental and industrial applications such as biosensors, fermentation technology, food industry, biodiesel production and bioremediation etc. 1, 2 To fabricate innovative biosensors and 20 other biomolecule-based diagnostic techniques, immobilization of biological component to solid surfaces is crucial. However, the relevant literature often cites that immobilization of enzymes generally causes a decline in enzyme activity or impaired catalytic characteristics. Therefore, the choice of efficient 25 immobilization technique is of paramount significance to preserve catalytic properties of the enzyme. To date, different techniques in conjunction with various immobilization materials such as entrapment in natural and synthetic polymers, [3] [4] [5] [6] covalent attachment, 7 adsorbtion, 8 and cross-linking 9 have been of choice 30 to fabricate enzyme biosensors. Of them, self-assembled monolayers (SAMs) on the gold surfaces is one of the favorable strategies to prepare well-ordered structures onto the supports given that thiols can interact very strongly with metals such as gold, silver, platinum, palladium or copper, to name few. Because 35 it allows controlling firmly dimension and properties of the surface as well as the nature of thiolic ends by various chemistries, SAM seems a meaningful approach to fabricate stable and reproducible surfaces for biosensor applications. [10] [11] [12] Calixarenes, cyclic oligomers of phenolic units linked through the 40 ortho positions, are one of the remarkable macrocyclic host molecules. 13 They are traditionally prepared via oligomerization of phenol and formaldehyde. 14 Nowadays, they gain attention in various field of applications as they are effortlessly functionalized at either the upper and/or lower rim of the 45 molecular structure and they form reversible complex with a large library of compounds including such as ions, amino acids, peptides and other biomolecules. 15, 16 By using the features of capturing cationic molecules, molecular recognition of aminoacids by calixarenes has opened a gain the application of 50 them in protein microarrays. 17 In another study, Chen et al. have reported the use of calixarenes for the first time as enzyme immobilization material. This group has reported the synthesis a novel derivative of calixarene, p-tert-butylthiacalix[4]arene tetraamine (TC4TA), which was subsequently employed to adsorb 55 GOx on the TC4TAmodified electrode. In this design of TC4TA/GOD biosensorto detect glucose, the adsorption mechanism was purely based on ionic interactions between amino-groups of TC4TA and carboxyl groups of GOx. 18 However, these ionic bonds are notoriously not of high stability 60 as their strength strictly depends on pH. In tis manuscript, we report the first synthesis of a thiol-containing calixarene named as 5,11,17,23-tetra-tert-butyl-25,27-bis(3-thiol-1-oxypropane)-26,28-dihydroxycalix[4]arene, (SH-Calix, for short hereafter)and its utilization to modify gold electrode surfaces via creation of immobilization material produce stabile enzymes without subunit dissociation. Because of reduction any conformational change involved in enzyme inactivation and increasing the enzyme stability, multipoint covalent attachment provides the rigidification of the enzyme structure. 20 Generally, the reactive 5 amines of aminoacids in the protein surface is useful to bind them to the surface of support.
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In this study, a two step-process was applied to immobilize Gox on the surface of gold electrode. In the first step, gold electrode surface was modified with Calix-SH to acquire a well-ordered 10 surface to immobilize the enzyme. In here, we should note that interactions between gold and thiol groups of calixarenes direct free hydroxyl groups towards exterior side. Subsequently, these hydroxyl groups of calixarene are activated with CDI, upon which the activated support irreversibly reacts through free amine 15 groups of GOx. 21, 22 The covalent bonds between hydroxyl groups of calixarenes well-ordered on the electrode surface and amine groups of enzyme were formed with 1,1'-carbonyldiimidazole (CDI) chemistry. 23, 24 Of course, the prime purpose of this technique is to bring the monolayer of GOx molecules on the 20 surface of the calixarene-modified electrode, leaving all enzyme molecules equally accessible. 25 Next, we have added glutaraldehyde to form the cross-links between BSA and GOx. However, glutaraldehyde did not solely cross-link BSA and GOx, but also cross-links BSA enzymes and BSA-to-GOx enzymes, 25 leading to a fabrication of a biomembrane. 26 Naturally, acquiring a biomembrane works in our favor as it offers several advantageous such as saturation of any non-spesific binding sites, 27 superior stability of Calix-SH/GOx biosensors and diminished noise of amperometric measurements and also 30 inference effect of some molecules in real samples. Hence, glutaraldehyde as a crosslinking agent serves multiple purposes with the use of suitable reaction time, pH value and temperature as to crosslink enzyme molecules and enzyme to immobilization support through their amine groups. 28 Besides, the choice of 35 glutaraldehyde to form covalent bonds eliminates an additional reduction step to further stabilize the reaction product. 26 In overall, our design of Calix-SH/GOx biosensor was schematized in Scheme 1. Upon the optimization of enzyme loading and pH on the biosensor response, analytical characteristics were studied 40 and the application of Calix-SH/GOx biosensors was tested to determine the glucose amount in real samples. biosensors, JEOL5600-LU model scanning electron microscope (SEM) was used. To obtain samples for SEM analysis, gold slides were modified with same procedure which was used to prepare Calix-SH/GOx biosensors. The images were taken via using an acceleration voltage of 20 kV.
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The spectrophotometric data to calculate enzyme activity and protein amount have been collected by means of a Lambda 35 UV/vis spectrometer purchased from Perkin-Elmer (USA). In first generation amperometric biosensors, oxygen consumption and the formed hydrogen peroxide can be followed at -0.7 and +0.7 V, respectively. It is known that most common metabolites such as uric acid and ascorbic acid get oxidized and interfere with the electrochemical signal at higher potentials. It is therefore 75 essential to apply the lowest possible electrode potential. 10, 33 According to this data, The decrease of dissolved O 2 concentration was determined as the analytical signal of the biosensor at -0.7 V in this study. 34 The steady-state current was typically achieved in 25 s. After each measurement, the working 80 buffer was changed and the electrodes were washed with distilled water.
Synthesis of SH-

Sample application
The developed biosensors were tested with real samples (coke and fizzy with orange). Samples were degassed and diluted with 85 working buffer and then injected into the reaction buffer instead of glucose. Calibration curves were used to determine the glucose contents in measured samples. The samples were also applied to a commercial enzyme assay kit based on spectrophotometric nanotechnology, and drug discovery. 14, 15 In enzyme-based detection technologies, immobilization of proteins on the solid surface, without losing their activity is the critical point. Calixarenes are useful macromolecules to keep their structural motifs and thereby their functionality. In our study, thiol 25 containing calixarenes (SH-Calix) are synthesized and gold electrode surfaces were modified by them via construction of SAMs. And free hydroxyl groups of SH-Calix were functional point to immobilize GOx in targeted position using CDI chemistry. To increase signal/noise ratios and to prevent the 30 negative effects of interfering substances in samples, the surface was covered with BSA. After fabrication of Calix-SH/GOx biosensor, initially the obtained biomembrane was characterized.
Results and Discussion
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Characterization of SH-Calix
To evaluate of the conductivity of the biomolecule-modified gold electrode, Calix-SH/GOx biosensor was characterized by cyclic 
Effect of pH on the biosensor response
The working pH is an important factor that can significantly influence the performances of the biological catalysts. To obtain optimum pH of Calix-SH/GOx biosensor, the pHs were tested 20 ranges from 3.5 to 5.5 (50 mM acetate buffers). The pH effect on the response of the Calix-SH/GOx biosensor is shown in Figure  4 . Maximum amperometric response was achieved at pH 4.5.
Free glucose oxidase has a broad activity range of pH 4-7 38 (as quoted by the manufacturer, Sigma-Aldrich) and obtained pH 25 value as an optimum pH is agreement with the needed pH values reported for the free enzyme. 
Effect of enzyme amount on the biosensor response
To decide the enzyme content to obtain maximum sensitivity, the 35 Calix-SH/GOx biosensors were fabricated by various GOx amounts (0.5 mg; 1.0 mg and 2.0 mg) and calibrated for glucose detection ( Figure 5 ). The highest signal appeared in the use of 1.0 mg of the enzyme. An enzyme loading of 0.5 mg was insufficient for detection of glucose and the efficiency of biosensor which 40 was prepared using 2.0 mg GOx was lower than that for 1.0 mg. As mentioned before, protein content and GOx activity of the prepared Calix-SH/GOx biosensor were checked using Bradford and ABTS method, respectively. Protein contents of Calix-SH/GOx biosensors which were fabricated using 0.5; 1.0 and 2.0 45 mg enzyme were calculated as 0.135; 0.30 and 0.64 mg according to the Bradford assay, respectively. Enzyme activities for Calix-SH/GOx biosensors which were fabricated using 0.5; 1.0 and 2.0 mg enzyme were found as 3.50; 24.56 and 11.72 Unit according to ABTS method, respectively.Because of the difficulties in the 50 diffusion of glucose and oxygen in thick surface which contain biocomponents, higher amounts of GOx caused a decrease in the current. Linearity for substrates and the currents which were obtained using various electrodes modified with different enzyme amounts are depends on the electrode species, immobilization 55 technique and also enzyme. 3, 4, 33, 39, 40 Furthermore, the purity of the enzyme can bring about decrease in activity of enzyme when using an excess of protein. 41 Here,GOx includes catalase,amylase, maltase, glycogenase, invertase, and galactose oxidase. During immobilization, contaminant proteins also was 60 immobilized. When GOx was increased, the thickness of biocomponent layer was increased excessively because of impurities. Hence in all the following experiments, the enzyme amount of biosensor was kept at 1.0 mg. When 1.0 mg enzyme was used to prepare Calix-SH/GOx biosensor, activity yield was 65 87%. The yield was calculated considering the specific activity values for free and immobilized enzyme, which are expressed as U/mg protein. Some proteins such as gelatin, albumin have been added to 25 architectures which has been used to prepare biosensor immobilization matrix.
42,43
In the absence of these macromolecules, the repeated measurements are not carried out because of matrix decomposition containing biological material. To show importance of BSA in immobilization matrix, glucose 30 biosensor was fabricated without BSA and glutaraldehyde. The obtained biosensor signal was noisy. Although the biosensor response time was faster than the biosensor which was prepared using BSA, the sensor response was decreased after five measurements for a standard glucose solution. ethanol were added to reaction buffer in the presence of 0.25 mM glucose and the signal was followed chronoamperometrically (Figure 7) . No significant change in the current response to glucose was obtained in the presence of these compounds. 
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Sample application
The glucose concentrations of coke and fizzy with orange were quantitatively analyzed using Calix-SH/GOx biosensor under optimized conditions. Samples were added to reaction buffer as a 40 substrate instead of glucose and the concentration of glucose in samples were calculated using calibration graph. The results were then compared to calculated glucose concentrations which were analyzed by spectrophotometric glucose kits as a conventional method in order to confirm the reliability of Calix-SH/GOx 45 biosensor. The glucose amount of coke was calculated as 19.460 ± 0.521 and 18.509 ± 0.732 mM using Calix-SH/GOx biosensors and the reference method (recovery %: 105 %), respectively (n =3, data are given as the mean ± S.D (standard deviation)). And glucose amount of fizzy (with orange) was calculated as 31.647 ± 50 2.125 and 31.579 ± 4.466 mM using Calix-SH/GOx biosensors and the reference method (n:3; recovery %: 100 %), respectively. The results proposed that Calix-SH/GOx biosensor can be successfully used for the determination of glucose in beverages.
Conclusions
55
In summary, this study was defined the probability of developing a calixarene-based biosensor for monitoring glucose. Firstly, thiol containing calixarenes were synthesized. Then the electrochemical biosensing platform was established by SAMs of Calix-SH and GOx was immobilized the calixarene-modified 60 gold surfaces via CDI chemistry. After that,the stability of immobilized enzyme was increased using BSA and glutaraldehyde and also addition of them prevents the interefence of the other molecules in sample matrix. The current change was followed based on oxygen consumption during enzymatic 65 reaction at -0.7 V. After optimization and characterization studies, the proposed Calix-SH/GOx biosensor was used successfully for glucose detection in real samples and it could provide as a valuable tool for other fields to determine glucose. 
